erotonin (5-hydroxytryptamine; 5-HT) is a neurotransmitter located in the brain, spinal cord, and myenteric plexus and is also a local hormone released by platelets, enterochromaffin cells, and paracrine cells in the thyroid. There are several receptor subtypes that are acted upon by 5-HT (classified as 5-HT 1 to 5-HT 7 ), with several of these subtypes also existing in different forms. The 5-HT 1B/1D receptors, found in intracranial blood vessels, the main carotid arterial tree, and pial and dural vessels, may play a role in the relief of migraine pain by mediating vasoconstriction of some cerebral blood vessels. (Figure 1) , is a novel 5-HT 1B/1D receptor agonist developed for the symptomatic relief of migraine. Studies investigating the pharmacokinetics, tolerability, and safety of oral doses up to 200 mg have shown that almotriptan was well tolerated up to doses of 150 mg. The compound was well absorbed at each dose level, and it was mainly excreted, in an unmetabolized state, in urine.
sumption that the pharmacokinetics was linear over the dose range studied. In vitro, at least four different enzymes are involved in the oxidative metabolism of almotriptan. 3 These enzymes are monoamine oxidase A (MAO-A), which catalyzes the oxidative deamination of almotriptan to the indoleacetic acid metabolite; the isoforms CYP3A4 and, to a minor extent, CYP2D6, which are responsible for the α-carbon hydroxylation of the pyrrolidine group and Ndemethylation of the dimethylaminoethyl side chain; flavin monooxygenase (FMO), which catalyzes Noxidation of the dimethylaminoethyl side chain; and aldehyde dehydrogenase, which catalyzes the conversion of the hydroxypyrrolidine metabolite intermediate to the γ-aminobutyric acid metabolite. Only two metabolites have been observed in human plasma: the indoleacetic acid derivative (main metabolite) and the γ-aminobutyric acid metabolite. Their plasma concentrations are low compared with those of the unchanged compound, and both are devoid of activity.
Although almotriptan is converted to several metabolites, the predominance of the urinary excretion of the unchanged compound suggests that biotransformation is not a prerequisite for urinary excretion. Therefore, drugs or disease states that might impair the biotransformation of almotriptan would not be expected to alter drastically the disposition and urinary excretion of almotriptan. In addition, the pharmacokinetics of almotriptan is unaffected during a migraine attack, indicating that changes in gut motility and states of gastric stasis and delayed gastric emptying disturbances that normally accompany the attack would not significantly alter the absorption and disposition of almotriptan. 4 Verapamil, an agent for migraine prophylaxis and a substrate of the CYP3A4, modestly inhibits almotriptan clearance to a degree consistent with the modest contribution of CYP3A4 to almotriptan metabolism. 5 Furthermore, when almotriptan is administered in the presence of fluoxetine, a potent CYP2D6 inhibitor, only a small effect has been observed on almotriptan C max , whereas the mean AUC value is not significantly affected. 6 The administration of almotriptan in the presence of a reversible MAO-A inhibitor, the antidepressant moclobemide, showed that plasma concentrations of almotriptan are increased on average by 37%, renal clearance is unaffected, the coadministration is well tolerated, and there is no evidence of cardiovascular side effects. 7 Finally, a lack of pharmacokinetic interaction was observed between almotriptan and propranolol, which is often used in migraine prophylaxis. Since both compounds share a common metabolic pathway mediated by CYP2D6, the lack of interaction observed indicates that the degree of metabolism of almotriptan via this route appears to be small. 8 The present study was designed to investigate the absolute oral and subcutaneous (s.c.) bioavailability of almotriptan by obtaining the main pharmacokinetic parameters after single intravenous (i.v.), s.c., and oral doses of 3, 6, and 25 mg almotriptan, respectively. After an initial dose escalation study covering a range of oral doses from 5 to 200 mg, 2 the 25-mg dose was considered as a probable therapeutic dose and, therefore, was selected to study the oral bioavailability of almotriptan. In further oral dose-finding phase II clinical trials, the therapeutic dose chosen, based on efficacy parameters as well as the incidence of adverse effects, was 12.5 mg 9 (almotriptan is available in two dosage strengths: 12.5 mg and 6.25 mg tablets). The subcutaneous administration was included in the study to assess the bioavailability, tolerability, and safety of an administration route commonly used for treating migraine pain. The subcutaneous dose administered was selected based on the results of a previous escalation study covering a range of subcutaneous doses from 0.5 to 14 mg 2 (almotriptan is not available at the present time by this administration route). Finally, i.v. administration was included to establish the appropriate pharmacokinetic model and the absolute values of the volume of distribution and total body clearance from plasma (CL). In addition, the contribution of renal clearance from plasma (CL R ) to CL was also investigated.
METHODS

Subjects
Twenty-four healthy male volunteers, between ages 19 and 33 years, participated in the clinical trial. lona, Spain) and the National Board of Health and was conducted in accordance with the Declaration of Helsinki and good clinical practice. Fully informed written consent was obtained from volunteers before they were admitted into the study.
A complete medical history was obtained from each volunteer, with physical examinations, laboratory tests (hematology, serum chemistry, and urinalysis), and electrocardiograms (ECGs) being performed at the screening visit. The demographic characteristics of subjects included in the two phases of the trial (see below) are summarized in Table I .
Study Design
The study was an open, randomized, crossover clinical trial. A preliminary phase was carried out in 6 healthy male volunteers, ages 22 to 31 years, with the aim of determining the safety profile of a single low i.v. dose (1.5 mg) before starting the principal phase of the study. Since there were no safety issues with dosing at this level, another 18 male volunteers, ages 19 to 33 years, were recruited to receive higher doses of almotriptan during the principal phase of the study. These volunteers were randomized to receive single doses of i.v. (3 mg), s.c. (6 mg), and oral (25 mg) almotriptan, with a washout period of 7 days between each treatment.
Intravenous doses were administered by a 15-minute infusion, at a constant flow rate of (1 ml•min -1 ), of a sterile isotonic solution containing 1.5 mg or 3 mg of almotriptan, whereas s.c. doses were administered by an injection of 0.5 ml of an sterile isotonic solution containing 6 mg of almotriptan into the arm deltoid region. Oral doses were given after an overnight fast as 25 mg tablets along with 100 ml of water. Two hours after dosing, a light breakfast was given to each volunteer.
Blood samples for pharmacokinetic analysis were collected into heparinized tubes at predose and at 15, 30, and 45 minutes and 1, 1.5, 2, 3, 4, 6, 8, 12, and 24 hours postdose. Additional samples were collected at 5 and 10 minutes after dosing following s.c. administration. Blood samples were centrifuged immediately after collection, and the plasma was separated and stored in deep freeze until analysis.
Urine samples for pharmacokinetic analysis were collected at predose and over 0-to 4-, 4-to 8-, 8-to 12-, and 12-to 24-hour intervals postdose. Immediately after collection, urine samples were frozen until analysis.
Safety was assessed by measuring heart rate, systolic and diastolic blood pressure, body temperature, ECGs, and laboratory variables (hematology, biochemistry, and urinalysis) and by monitoring adverse events. Supine heart rate (determined at radial level during 1 min), blood pressure (determined by sphygmomanometry after 5 min of supine decubite), and body temperature were measured at different times throughout the study. A 12-lead ECG was taken predose and at 45 minutes and 1.5, 3, 6, 12, and 24 hours postdose by the i.v., s.c., and oral routes. Additional measurements were made 15 minutes after dosing by the s.c. route and 5, 10, 20, 25, and 30 minutes after dosing by the i.v. route. Blood and urine samples were taken 24 hours postdose on each day of the study for the analysis of standard laboratory variables.
Bioanalytical Method
The determination of almotriptan in human plasma (0.5 ml) and urine (0.1 ml) was carried out by highperformance liquid chromatography (HPLC) with UV detection at 227 nm, using an automated online solidphase extraction and injection procedure with internal standardization.
The chromatographic system used consisted of a high-pressure pump (model 590, Waters Ass.), a Prospekt system (Spark Holland) assisted by a 233XL sampling injector (Gilson Medical Electronics), a tunable absorbance detector (model 486, Waters Ass.), and a Digital Alpha Server 1000 4/266 computer with Access*Chrom software (Perkin Elmer Nelson Systems, Inc.). The chromatographic conditions were a Spherisorb ODS-2, 5 µm, 150 × 4 mm column (Waters Ass.) with a Guardpak µ-Bondapak CN Precolumn (Waters Ass.) and a mobile phase (20:80, v/v) of acetonitrile:50 mM, pH 4.0 sodium phosphate buffer solution, containing 0.2% triethylamine at a flow rate of 1 ml•min -1 . The approximate retention times of almotriptan and the internal standard were 6.5 and 10 minutes, respectively.
The extraction of almotriptan and the internal standard from plasma (0.5 ml) and urine (0.1 ml) was per- formed on C2 cartridges (Baker) activated with 2 ml of acetonitrile and conditioned with 2 ml of water. Plasma or urine samples were then automatically diluted with 1 ml of an aqueous internal standard solution (4-[3-(2-amino-ethyl)-1H-indol-5-ylmethylsulphonyl]-piperazine-1-carboxylic acid ethyl ester), mixed, and loaded into the C2 cartridges. After washing out the cartridges with 750 µl of acetonitrile:water (30:70, v/v) and 250 µl of water, the remaining components were eluted with the mobile phase over 1 minute. There were no significant endogenous peaks at retention times of almotriptan and the internal standard that would interfere with its quantification.
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The results obtained in the validation of the bioanalytical method in terms of linearity, precision and accuracy (intra-and interbatch), sensitivity, specificity, recovery, stability, and quality control during routine analysis demonstrated the suitability of this method for the quantitative measurements of almotriptan in human plasma and urine.
The calibration curves showed good linearity (r > 0.999) over the concentration range of 1 to 200 ng•ml -1 in plasma and 0.05 to 10 µg•ml -1 in urine. The intrabatch precision of the analytical method was determined by calculating the coefficient of variation of the calibration standard samples (n = 6) at low, medium, and high concentrations. The results in plasma were 9.0%, 1.6%, and 2.0% at concentrations of 1, 20, and 200 ng•ml -1 , respectively, whereas the results in urine were 2.0%, 3.4%, and 1.4% at concentrations of 0.05, 1, and 10 µg•ml -1 , respectively. The coefficients of variation of the quality control standards used in the interbatch precision study were less than 6.5% in plasma (n = 30, over 12 different analysis days) and less than 5.1% in urine (n = 12, over 5 different analysis days) at the same concentrations used in the intrabatch study. The accuracy of measurements, expressed as relative error of the experimental values compared with the theoretical concentrations, was less than 10% over the concentration range both in the intra-and interbatch studies. The precision was also determined by calculating the coefficients of variation of the calibration curve slopes throughout the study, obtaining values of 4.2% in plasma (n = 12) and 3.2% in urine (n = 5). The precision and accuracy obtained for the first concentration of the calibration curves allowed us to validate a low limit of quantitation of 1 ng•ml -1 in plasma and 0.05 µg•ml -1 in urine. The recovery of almotriptan from plasma was determined at concentrations of 1, 20, and 200 ng•ml -1 and in urine at concentrations of 0.05, 1, and 10 µg•ml -1 . The mean values obtained were > 90% in all cases. Almotriptan was shown to be stable in human plasma and urine when frozen (around -20°C), during the study period, during the analysis time at room temperature, and following three freeze/thaw cycles.
Pharmacokinetic Analysis
Plasma concentrations of almotriptan following i.v. and s.c. administration were analyzed using a two-compartment model. The parametric estimation was performed by nonlinear regression analysis using the initial values obtained by the "peeling algorithm"
10 and subsequently applying a numerical algorithm based on the Powell method to minimize the objective function.
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The weighting factor used was 1/C 2 , where C was the concentration observed. The criteria used to assess the goodness of fit of models to experimental data and the choice between different models were based on the correlation coefficient between the observed and theoretical values, the coefficient of variation of the estimation of each parameter, and the Akaike, Schwartz, and Leonard information criteria. 12 Plasma concentrations of almotriptan after oral administration were evaluated using a noncompartmental approach, using a least squares linear regression analysis of the terminal phase of the semilogarithmic concentration-time curve.
All pharmacokinetic calculations were performed using SIPHAR/PC software, version 4.0 (Simed, France) on a personal computer and using equations recommended by the American College of Clinical Pharmacology. 13, 14 The maximum plasma concentration (C max ) and the time to reach it (t max ) were taken from the experimental data. The linear trapezoidal rule was used to calculate the area under the concentration-time curve (AUC) from 0 to the last time point measured (t n ). The AUC from t n to infinity was determined from the last concentration measured (C n ), and the terminal rate constant (λ z ) was determined using the equation AUC = AUC(0 -t n ) + (C n /λ z ). Bioavailability (f) was calculated as f x (%) = (AUC x /AUC IV ) • (D IV /D x ) • 100, where D is the dose and x is either i.v., s.c., or oral dosing (f for i.v. dosing = 100%, the comparator against which s.c. and oral dosing will be assessed). The distribution half-life (t 1/2λ1 ) was calculated as t 1/2λ1 = ln (2)/λ 1 , whereas the elimina- 
RESULTS
The mean plasma concentration-time profiles of almotriptan found in healthy male volunteers after i.v., s.c., and oral administration of almotriptan at doses of 3, 6, and 25 mg, respectively, are shown in Figure 2 .
The mean values for the assessed pharmacokinetic parameters are shown in Table II , and the urinary excretion of almotriptan results are summarized in Table III.
The disposition kinetics of almotriptan after i.v. and s.c. administration showed a biphasic decline described by a two-compartment model (Figure 3) . The fastest disposition phase was well observed, although estimates of the rate constant showed high variability. The bioavailability was complete after s.c. administration (mean (SD) f s.c. = 100.2 (13.4)%), and the maximum plasma concentration was rapidly reached (between 5 and 15 min in the majority of subjects). Cmax, maximum plasma concentration; tmax, time to maximum plasma concentration; λ 1, largest (distribution) disposition rate constant; t1/2λ1, distribution half-life; λz, terminal rate constant; t1/2, elimination half-life; MRT, mean residence time; AUC, area under the plasma concentration-time curve; CL, total body clearance from plasma; A 24, amount of unchanged drug excreted in the urine in the 24 hours after dosing; CLR, renal clearance; V z, volume of distribution during terminal phase; f, bioavailability. a. Infusion time. b. Obtained from the mean values of the cumulative urinary excretion. The absolute bioavailability of almotriptan obtained from the plasma AUC values was 69.1% after oral administration, whereas the bioavailability calculated using the percentages of the dose excreted in urine as unchanged compound over 0 to 24 hours, after i.v. and oral administration, was 69.6%.
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Maximum plasma concentration was reached between 1.5 and 3 hours after drug intake. Interindividual variability was high during the absorption phase, and some volunteers showed irregular plasma concentration-time profiles or second peaks (Figure 4) , giving a high coefficient of variation for t max of 44%.
The plasma concentration found at 24 hours after oral administration belonged to a kinetic phase different from that observed up to 12 hours. As there were not enough kinetic data to correctly estimate the rate constant associated with this slow terminal phase, the 24-hour concentration values were not used for the calculation of λ z and AUC. Only values visually assessed to be on the terminal phase up to 12 hours were used. The half-life calculated up to 12 hours represents the plasma elimination half-life of almotriptan (t 1/2 ) in healthy volunteers since about 90% of the amount of unchanged drug excreted in urine is recovered in the interval of 0 to 12 hours. The influence of a possible underestimation of the AUC values obtained without considering the kinetic time point of 24 hours was irrelevant in characterizing the oral bioavailability since the differences in AUC 0-24 , calculated with or without considering this kinetic time point, were less than 2%. In addition, the percentages of the extrapolated areas from 24 hours to infinity were less than 5%. Furthermore, although this study was not designed to estimate the elimination rate constant (λ z ) from the urinary data, the cumulative urinary excretion was used to clarify and ratify the correct estimation of the elimination half-life from plasma by using the concentration time points up to 12 hours. The elimination rate constant was evaluated by the "rate method." 15 According to this method, the rate of drug excretion is plotted versus time, and the elimination rate constant is estimated from the slope of the terminal section of the plot. Since the exact rate of excretion is not known, it is necessary to use the average rates of excretion over short periods of time, which are plotted versus the midpoints of the corresponding time intervals. This approach is only possible when the majority of the drug is excreted through the kidney, as is the case for almotriptan.
The elimination half-life (t 1/2 ) from plasma showed low intra-and interindividual variability (coefficients of variation about 5%-10%), with no differences being observed between the three routes of administration. The mean (SD) elimination half-life obtained after i.v., s.c., and oral administration was 3.4 (0.4), 3.4 (0.3), and 3.6 (0.4) hours, respectively, whereas they were 3.6, 3.8, and 3.1 hours, respectively, using the mean values of the cumulative urinary excretion.
Mean (SD) renal clearance (CL R ) was 25 (8), 26 (4), and 26 (5) l•h -1 for the i.v., s.c., and oral routes, respectively, representing up to 65% of total body clearance. No differences were observed in V z or CL between the i.v., s.c., and oral routes of administration; intra-and interindividual variability were low with each of the administration routes (coefficients of variation less than 8% and 15%, respectively). (40), 191 (35), and 201 (37) l, respectively, while mean total clearance was 40 (8) l•h -1 for all three routes. No adverse events were reported in the preliminary phase of the study; during the principal phase, 53 adverse events were recorded in 15 volunteers, but most of the reported events were mild and considered unrelated to the study drug. Thirty-one events had a probable or possible causal relationship: headache (12), injection site reaction (8) , hot flushes (4), dizziness (3) , and pain at injection site, depersonalization, abnormal thinking, and nausea (1 each). Intravenous administration was associated with 15 adverse events in 10 subjects, subcutaneous administration was associated with 25 adverse events in 13 subjects, and oral administration was associated with 10 adverse events in 6 subjects. There were no changes in blood pressure, heart rate, body temperature, or ECGs that were considered to be of clinical concern.
DISCUSSION
Almotriptan is well absorbed after oral administration and shows one of the highest absolute bioavailabilities of the 5-HT 1B/1D receptor agonist family developed for the symptomatic relief of migraine. The mean absolute oral bioavailability obtained in this study was 69.1%, whereas the values reported for other triptans were as follows: 14% (sumatriptan), 36% to 49% (zolmitriptan), 63% to 74% (naratriptan), 40% (rizatriptan), 50% (eletriptan), and 17.5% to 29.6% frovatriptan. [16] [17] [18] [19] [20] [21] [22] [23] The rate of absorption of almotriptan is adequate for the treatment of migraine attacks, with an average of 33% and 70% of the maximum plasma concentration (C max ) being achieved within 0.5 and 1 hour after dosing, respectively. The large apparent volume of distribution obtained suggests that almotriptan is extensively distributed throughout the body, being consistent with its low plasma protein binding in man (23%-30%, data on file).
Moreover, the CL and t 1/2 values obtained indicate that it is rapidly cleared from the body, irrespective of the dose and the route of administration. The primary route of almotriptan elimination is renal clearance (approximately 50%-60% of the total body clearance). Approximately 65% of the i.v. and s.c. dose is excreted unchanged in urine in 24 hours, compared with 45% of the dose after oral administration. Furthermore, nearly 90% of the amount of unchanged drug excreted in urine is recovered between 0 and 12 hours after dosing. The value of renal clearance is approximately 3-fold the value of the glomerular filtration rate (7.5 l•h -1 ), suggesting that almotriptan is eliminated in part by renal tubular secretion. Review of the safety data collected during the study indicate that almotriptan is safe and well tolerated following i.v., s.c., or oral administration.
